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Abstract: Objective: To study the therapeutic effects of moxibustion preconditioning on cerebral ischemia-reperfu-
sion injury in rats. Methods: One hundred and thirty healthy male Wistar rats were selected and randomly divided 
into five groups: electroacupuncture preconditioning group (n=30) and moxibustion preconditioning group (n=30), 
aspirin preconditioning group (n=30), model group (n=30) and blank control group (n=10). Statistical analysis was 
performed on the neurobehavioral scores, brain water content, relative expression of miRNA664 and MMP9 in 
five groups. Results: Compared with the control group, the neurobehavioral scores, brain water content and rela-
tive expression of miRNA664 in electroacupuncture, aspirin preconditioning group and model group increased 
(P<0.05). Compared with the model group, the neurobehavioral scores, brain water content and relative expression 
of miRNA664 decreased in the electroacupuncture, aspirin preconditioning group (P<0.05). Compared with the 
control group, the expression of MMP9 in the electroacupuncture, aspirin and moxibustion preconditioning group 
and model group increased (P<0.05). Compared with the model group, the expression of MMP9 decreased in the 
electroacupuncture, aspirin preconditioning group (P<0.05). Conclusion: Moxibustion preconditioning can reduce 
cerebral ischemia reperfusion injury in rats, and decrease the expression of miRNA664 and MMP9.
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Introduction

More and more attention has been paid to the 
prophylactic treatment of ischemic cerebrovas-
cular disease in early onset stage [1]. Acupun- 
cture preconditioning has been widely used in 
clinic because of its fewer side effects on the 
body and easy operation. Related medical 
scholars set the rats as the subject. They found 
that acupuncture preconditioning could effec-
tively protect nerve cells in cerebral cortex and 
CA region of hippocampus in rats with global 
cerebral ischemia; however, the specific mech-
anism of acupuncture’s protective effects on 
brain remains unclear [2].

MiRNA can recognize target mRNA molecules, 
induce the target mRNA to inhibit translation 
and degrade and regulate gene expression. 
Ischemic preconditioning has definite brain pro-
tective effects. Studies have found that pre-
treatment can regulate the expression of 
miRNA in the brain cortex of mice [3-5]. It can 

down regulate the expression of target gene 
methyl-CpG binding protein 2 and mediate isch-
emic tolerance. It was reported that MeCP2 
was an essential in ischemic preconditioning 
[6]. Related miRNA degradation could upregu-
late MeCP2 and participate in brain protection. 
However, it is not clear whether acupuncture 
can cause changes in miRNA expression now.

MMP9, also called type IV collagenase, can 
degrade ECM and participate in the formation 
of brain edema and destruction of blood-brain 
barriers. At the same time, it can destroy the 
microenvironment of the interaction between 
matrix and cells, induce the nerve cells to apop-
tosis, and eventually lead to neurological dys-
function. It plays an important pathophysiolo- 
gical role in ischemia-reperfusion injury. MiRNA- 
664 is an important miRNA that regulates the 
expression of MMP [7]. There is no report on 
the MMP9 formed by acupuncture pretreat-
ment and its regulatory miRNA, miRNA664. 
This study is to research the corresponding 
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molecular mechanisms by observing the pro-
tective effects of acupuncture preconditioning 
on cerebral ischemia-reperfusion injury in rats.

Materials and methods

Animals and groups

One hundred and thirty healthy male Clean 
Animal Wistar rats (Shanghai Sippr-BK Labo- 
ratory Animal Co. Ltd.) were selected as the 
experimental subject. They aged from three to 
four months, with a mean age of (3.5±0.5) 
months. They weighted from 250 g to 300 g, 
with an average weight of (275±20) g. After 
one-week adaptive breeding, the experiment 
was carried out. Rats were randomly divided 
into five groups: electroacupuncture precondi-
tioning group (n=30) and moxibustion precondi-
tioning group (n=30), aspirin preconditioning 
group (n=30), model group (n=30) and blank 
control group (n=10).

Methods

Model building: The models were prepared 
according to the Zea Longa method [8]. The 
rats were divided into medication administra-
tion group and sham-operated group. They 
were injected with 10% chloral hydrate (3 ml/
kg) in their peritoneal cavity and performed the 
operation after being fixed in the overhead 
position. Proximal end of right carotidartery, 
external carotid artery and its branches were 
separated and ligated, after median incision of 
neck. Right internal carotid artery (ICA) was 
separated, pterygopalatine artery was separat-

ed down with the ICA and its branches were 
ligated at the end. The nylon suture was pre-
pared at the proximal end of ICA, and artery 
occlusion was put at the distal end. After the 
incision of carotidartery, the 4-0 nylon suture 
was sent to for 17-20 mm from the carotidar-
tery into anterior cerebral artery to block all the 
bloodstream from the cerebral arteries. Artery 
occlusion was removed, nylon suture was tight-
ened without 1 cm long thread end and then 
the skin was sutured. One hour after ischemia, 
medication administration group was injected 
normal saline through vein. Reperfusion one 
hour after ischemia, the reserved end of the 
suture was gently pulled to the resistance 
which meant it reached the carotid artery inci-
sions, and the blood stream was opened. There 
was unnecessary for the secondary anesthesia 
and incision. There was the same procedure for 
the sham-operated group except sending the 
nylon suture. Medication administration group 
was administered to the stomach when isch-
emia. Twenty-four after reperfusion, the behav-
ior of rats was observed and graded. Refer to 
Zea Longa’s five-point scale: 0 for normal and 
without nerve injury symptom; 1 point for 
unable to fully extend the front paws; 2 points 
for turning around externally; 3 points for tilting 
to the opposite side; 4 points for unable to walk 
spontaneously and without consciousness. The 
standard to evaluate whether the rat model 
was successful or not was that the forepaws of 
rats could not fully stretch after the reperfu-
sion, or rats could not stand steadily and tilt to 
the opposite side, or turned to the right when 
they walked and survived until the prescribed 
time.

Electroacupuncture preconditioning method: 
Then the Tianmen acupoint and Baihui acu-
point of rats in electroacupuncture pretreat-
ment group were performed horizontal inser-
tions of needle for 3 mm, and Dazhui acupoint 
was performed an oblique insertion of needle 
for 3 mm. After the acupuncture, electric acu-
puncture therapy apparatus was connected 
with Baihui acupoint and Dazhui acupoint. The 
dilatational wave frequency and current inten-
sity were set at 2/5 Hz and 1-2 mA respectively. 
Twenty minutes at every turn, once a day, one 
week for one course. The electroacupuncture 
point is shown in Figure 1.

Acupuncture preconditioning method: The 
heads of rats in moxibustion preconditioning 
group were fixed and the rats were kept in a 

Figure 1. The electroacupuncture point of acupoint 
of the rat.
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waking state. Then Tianmen acupoint, Baihui- 
acupoint and Dazhui acupoint were selected to 
be marked after they were barbered and then 
began the twenty-minute suspended moxibus-
tion was carried out. In this period, Folium arte-
misia argyi was fully used, once a day, one 
week for a course.

Aspirin preconditioning method: The intragas-
tric administration dose for rats were deter-
mined, this process was strictly in line with 
equivalent dose rate table (conversion of body 
surface area of human and animal). The aspirin 
dose was 0.01 g/kg. Aspirin tablets were gro- 
und to powder and mixed with distilled water. 
The solution concentration was 0.01 g/ml. In 
the course of administration, drug was strictly 
based on the dose required for the rats, once a 
day, and 1 week for a course. This group was 
regarded as positive control.

Blank control group method: The rats in this 
group were in the original state.

Observation indexes

One day after reperfusion, the neurological 
functions of the five groups were scored (except 
10 rats in blank control group, there were 30 
rats in each group). Normal gait, ataxia, crawl, 
no gait was recorded as 0, 1 point, 2 points, 
and 3 points. Spontaneous inquiry, able to 
move when being stimulated were recorded as 
0, 1 point respectively; able to drink water, 
unable to drink water were recorded as 0, 1 
point respectively; able to take food, unable to 
take food were recorded as 0, 1 point respec-
tively; the rats can move when received pain 
stimulation, only trunk or head can move, no 
response in limb or retraction were recorded as 
0, 1 point, 2 points respectively [9]. At the same 
time, cerebral hemisphere water content of the 
damaged side was calculated one day after 
reperfusion. In this process, firstly, the wet and 
dry weight method was fully utilized. To weigh 
out wet weight by the electronic balance. Then 
the specimen was placed in infrared drying 
oven at 95-100°C for one to two days’ drying  
to constant weight, and the dry weight was 
weighed out. Brain water content was (wet 
weight-dry weight)/wet weight * 100% [10].

In addition, one day after reperfusion, the rela-
tive expression of miRNA664 was detected  
by reverse transcription real-time quantitative 

PCR. Firstly, one step miRNA quantitative sys-
tem was established. Total RNA0.1-100 ng was 
performed for reverse transcription reaction. 
Reaction system: total RNA0.1-100 ng, 2 × 
Master mix 12.5 μL, 50 × SYBR GreenI 0.5 μL, 
RT Primer (10 μM) 0.5 μL, Forward Primer (10 
μM) 0.5 μL, Reverse Primer (10 μM) 0.5 μL, 
DEPC-H2O was supplemented to 25 μL. Se- 
condly, real time quantitative PCR reaction pro-
cedure was carried out. Reverse transcription 
for 60 minutes at 37-42°C, heat inactivation 
and denaturation for 10 minutes at 95°C, 
amplification for 20 seconds at 95°C, 30 sec-
onds at 62°C and 30 seconds at 72°C, with 
totally 45 cycles. In the above steps, the reac-
tion system and reagent dosage were strictly 
adopted according to the instructions of EzO- 
micsTM miRNA qPCR Detection Kit (Biomics 
Company). Primer sequence of miR664 was 
ATCGTACGTGGGACTGGCTAGGGAAAATGA (posi-
tive sequence) and GCAGGGTCCGAGGTATTC 
(negative sequence). The relative expression of 
miR664 was analyzed by relative quantification 
study. Analysis index was 2-ΔΔCt.

The expression of matrix metalloproteinase 9 
(MMP9) (Cell Signaling Technology, 1:1000) in 
brain tissues was detected by Western Blot.  
We clipped 100 mg tissue, added 1 mL RIPA 
cell lysate (containing 1 mM PMSF) and then 
extracted the total protein. After SDS-PAGE gel 
electrophoresis and electricity trarsmembrane, 
the protein was transferred onto nitrocellulose 
membrane. We used 5% skimmed milk to seal 
off. After two hours, TBS was used to wash  
the membrane. Primary antibody MMP9 (92 
kDa) and internal control beta-actin antibody 
were added in and saved at 4°C for one night. 
Scrubbing solution (TBST) was added to wash 
for 10 minutes each time, totally for 3 times.  
At last, the secondary antibody labeled by 
horseradish peroxidase was added and react-
ed for two hours. After washing the membrane, 
ECL reagent was added to develop.

Statistical analysis

Software SPSS20.0 was used to analyze data. 
Neurobehavioral scores, brain water content, 
relative expression of miRNA664 and MMP9 
and other measurement data in five groups 
were expressed as standard deviation (

_
x±s). 

One-Way ANOVA combined with Bonferroni cor-
rection was applied. Inspection level was a= 
0.05.
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Results

Comparison of neurobehavioral scores among 
five groups of rats

The neurobehavioral scores in electroacup- 
uncture preconditioning group, moxibustion 
preconditioning group, aspirin preconditioning 
group and model group gradually improved 
(P<0.05), and all were significantly higher than 
those in blank control group (P<0.05). Com- 
pared with electroacupuncture precondition- 
ing group, the neurobehavioral scores in moxi-
bustion preconditioning group and aspirin pre-
conditioning group increased; compared with 
moxibustion preconditioning group, the neu-
robehavioral scores in aspirin preconditioning 
group increased. All the differences were sta- 
tistical significant (P<0.05). All the details are 
shown in Table 1.

Comparison of brain water content among five 
groups of rats

The brain water content in electroacupuncture 
preconditioning group, moxibustion precondi-
tioning group, aspirin preconditioning group 

(P<0.05). Compared with electroacupuncture 
preconditioning group, the relative expression 
amount in moxibustion preconditioning group 
and aspirin preconditioning group increased; 
compared with moxibustion preconditioning 
group, the relative expression amount in as- 
pirin preconditioning group also increased. All 
the differences reached statistical significance 
(P<0.05). See Figure 2.

Comparison of the relative expression amount 
of MMP9 among five groups of rats

The relative expression amount of MMP9 in 
electroacupuncture preconditioning group, mo- 
xibustion preconditioning group, aspirin pre-
conditioning group and model group gradually 
increased (P<0.05), and all were remarkably 
higher than that in blank control group (P<0.05). 
Compared with electroacupuncture precondi-
tioning group, the relative expression amount 
of MMP9 in moxibustion preconditioning group 
and aspirin preconditioning group increased; 
compared with moxibustion preconditioning 
group, the relative expression amount of MM- 
P9 in aspirin preconditioning group also incr-

Table 1. Comparison of neurobehavioral scores among the 
five groups of rats (

_
x±s)

Group Cases Neurobehavioral 
score (point)

Electroacupuncture preconditioning group 30 1.50±0.50a,b,c,d

Moxibustion preconditioning group 30 1.64±0.47b,c,d

Aspirin preconditioning group 30 1.84±0.58a,c,d

Model group 30 2.50±0.50a,b,d

Blank control group 10 0a,b,c

Note: Compared with moxibustion preconditioning group, aP<0.05; com-
pared with aspirin preconditioning group, bP<0.05; compared with model 
group, cP<0.05; compared with blank control group, dP<0.05.

Table 2. Comparison of brain water content among five 
groups of rats (

_
x±s)

Group Cases Brain water 
content (%)

Electroacupuncture preconditioning group 30 78.62±0.40a,b,c,d

Moxibustion preconditioning group 30 79.13±0.44b,c,d

Aspirin preconditioning group 30 79.87±0.30a,c,d

Model group 30 80.90±0.41a,b,d

Blank control group 10 77.11±0.24a,b,c

Note: Compared with moxibustion preconditioning group, aP<0.05; com-
pared with aspirin preconditioning group, bP<0.05; compared with model 
group, cP<0.05; compared with blank control group, dP<0.05.

and model group gradually im- 
proved (P<0.05), and all were sig-
nificantly higher than those in blank 
control group (P<0.05). Compared 
with electroacupuncture precondi-
tioning group, the brain water con-
tent in moxibustion preconditioning 
group and aspirin preconditioning 
group obviously increased; com-
pared with moxibustion precondi-
tioning group, the brain water con-
tent in aspirin preconditioning 
group increased. There were statis-
tical significance in all the differ-
ences (P<0.05). All the details are 
shown in Table 2.

Comparison of the relative expres-
sion amount of miRNA664 among 
five groups of rats

The relative expression amount of 
miRNA664 in electroacupuncture 
preconditioning group, moxibustion 
preconditioning group, aspirin pre-
conditioning group and model 
group gradually increased (P<0.05), 
and all were remarkably higher 
than that in blank control group 
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eased. All the differences reached statistical 
significance (P<0.05). See Figures 3, 4.

Discussion

MiRNA664 is induced to express during tran-
sient middle cerebral artery occlusion (MCAO) 
in rats and acts on Bcl-2. Related medical study 
showed that the translation of bcl-2/-w would 
be inhibited by miRNA664 [11]. The application 
of antagomiRNA664 in the body will elevate the 
effective reduction of miRNA664 levels and 
promote the bcl-2/-w protein levels. Thereby it 
provides effective preconditions for neuronal 
damage and infarction caused by MCAO and 
lightens them. In the cerebral ischemia model, 

ing group, moxibustion preconditioning group, 
aspirin preconditioning group and model group 
gradually increased (P<0.05), and all were 
remarkably higher than those in blank control 
group (P<0.05). It was consistent with the re- 
levant medical research results mentioned 
above.

Related medical scholars have found that the 
expression of MMP9 gene is regulated by miR-
664, miR-125a, etc. and increased along with 
the increasing expression of miR-664, decre- 
ased along with the reducing expression of 
miR-664 by analyzing DNA chip; the consistent 
change between the expression of MMP9 gene 
and that of miR-664. It illustrated that there 

Figure 2. Comparison of the relative expression amount of miRNA664 
among five groups of rats. The expression of miRNA664 of electroacupunc-
ture preconditioning group, moxibustion preconditioning group, aspirin pre-
conditioning group and model group were gradually improved (*P<0.05). The 
miRNA664 relative expression amount of these groups were significantly 
higher than those in blank control group (*P<0.05).

Figure 3. Comparison of the expression amount of MMP9 among five groups 
of rats.

miR664 was an anti-apoptotic 
factor and had a strong effect. 
In the rat models of cerebral 
ischemia, the miR664 levels 
in neurons in the ischemic 
marginal zone were signifi-
cantly higher than those in  
the contralateral hemisphere. 
Over-expression of miR664  
in cultured cortical neurons 
would inhibit apoptosis which 
was induced by OGD to a great 
extent, indicating that isch-
emic nerve cells would be pro-
tected by the over-expression 
of miR664.

The results of this study sh- 
owed that, the neurobehavior-
al scores of electroacupunc-
ture preconditioning group, 
moxibustion preconditioning 
group, aspirin preconditioning 
group and model group gradu-
ally improved (P<0.05), and all 
were significantly higher than 
those in blank control group 
(P<0.05). The brain water con-
tent of electroacupuncture 
preconditioning group, moxi-
bustion preconditioning group, 
aspirin preconditioning group 
and model group gradually 
improved (P<0.05), and all 
were obviously higher than 
that in blank control group 
(P<0.05). The expression am- 
ount of miRNA664 in elec-
troacupuncture precondition-
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might exist regulate and be regulated relation-
ship [12-19]. Vasogenic cerebral edema and 
destruction of blood-brain barrier had direct 
and profound effects on MMP9. Accordingly, it 
was inferred that the possible way MiRNA 
involved in the formation of cerebral edema 
after cerebral infarction was to regulate the 
expression of its target gene. Gao et al. found 
that during cerebral ischemia reperfusion inju-
ry, the expression of MMP9 obviously increased, 
but decreased after the electroacupuncture 
[20]. The results of this study demonstrated 
that the expression amount of MMP9 in elec-
troacupuncture preconditioning group, moxi-
bustion preconditioning group, aspirin precon-
ditioning group and model group gradually 
increased, and all were remarkably higher than 
that in blank control group; compared with 
electroacupuncture preconditioning group, the 
expression amount of MMP9 in moxibustion 
preconditioning group and aspirin precondi-
tioning group increased; compared with moxi-
bustion preconditioning group, the expression 
amount of MMP9 in aspirin preconditioning 
group also increased. These illustrated that 
acupuncture pretreatment could promote the 
neurobehavioral scores of cerebral ischemia-
reperfusion rats and reduce their brain water 
content effectively. At the same time, it could 
promote the decrease of the relative expres-
sion of MMP9 by regulating the expression of 
miRNA664 and induce the cerebral ischemia 
tolerance, providing effective preconditions for 
the reduction of cerebral edema.

This study only observed the effects of moxi-
bustion on the expression of MMP9 and miR-

In conclusion, moxibustion preconditioning pl- 
ays an active role in the treatment of cerebral 
ischemia-reperfusion in rats. It is worth spread-
ing in the clinic.
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